The present study was undertaken to determine the physico-chemical properties (moisture content, reducing sugars, proline content, electrical conductivity, ash content, pH, titrable acidity, HMF, water activity, total soluble solids and total solids), enzymatic activity (diastase and invertase), colour characteristics (mmpfund, ABS 450 and CIE L * a * b * ) and mineral content (Cu, Mn, Fe, Zn, Pb and Cd) of three different varieties of honeys from Kashmir valley of India (acacia honey, pine honeydew and multifl oral honey). Of the honey samples analysed, only pine honeydew were grouped in dark category of honey (L * <50) while acacia honey and multifl oral honey were confi rmed as light coloured honeys (L * >50) and possessed both red and yellow components. The concentrations of mineral content were found highest in pine honeydew followed by multi fl oral and least in acacia honey. All the physico-chemical properties and enzymatic activity indicated that all the three analysed varieties of honey met the criteria set by the International Honey Commission and revised codex standards for honey. The source of honey had a signifi cant effect (p<0.05) on physico-chemical characteristics, enzymatic activity, mineral content and colour properties. Strong and positive correlations exhibited among minerals, colour (mmpfund) and L * value indicated that dark coloured honey contained high mineral content. Multivariate analysis proved to be an effective tool in classifying the three varieties of honey based on physico-chemical characteristics, enzymatic activity, mineral content and colour properties.
INTRODUCTION
Honey, the wonderfully rich golden liquid is the miraculous product of honey bees and a naturally delicious alternative to sugar. Chemically, honey is mostly dominated by sugars in the form of fructose and glucose (70-80%), water (10-20%) and other minor constituents such as organic acids (gluconic acid, acetic acid), mineral salts (potassium, calcium, sodium, phosphorus etc.), vitamins (ascorbic acid, niacin), proteins, enzymes (invertase, glucose oxidase, catalase, phosphatases), volatile chemicals, phenolic acids and fl avonoids [Bouseta et al., 1996; Terrab et al., 2001; Gheldof et al.,2002; Blasa et al., 2006; Ouchemoukh et al., 2007; Nayik & Nanda, 2015] . The composition and physico-chemical properties of honey are wholly dependent on the plant species visited by the honeybees as well as the processing, storage, regional, and climatic conditions [Saxena et al., 2010] . The colour, which serves as an indicator of fl oral origin ranges from light to dark often reddish or yellowish [Soria et al., 2004; Terrab et al., 2004] . It is well known fact that there is a strong correlation among colour, antioxidant activity, electrical conductivity and ash content [Marghitas et al., 2009] . Generally dark coloured honey has higher phenolic content and consequently higher antioxidant activity as compared to honey with light colour [Berreta et al., 2005] .
Multivariate analysis viz. principal component analysis (PCA) and linear discriminate analysis (LDA) have been extensively used to classify honey based on physico-chemical data, mineral analysis and colour characteristics. Conti et al. [2007] classifi ed three Italian honey samples (acacia, multifl oral, honeydew) on the basis of their physico-chemical data and mineral content by applying multivariate statistical analysis. Chudzinska & Baralkiewicz, [2010] analysed fi fty-fi ve Polish honey samples to rationalize and interrupt the analytical data for the determination of thirteen metallic and nonmetallic elements by using PCA tool. Similar study was reported by Devillers et al. [2002] who examined French honeys.
Rearing of honey bees for production of honey (apiculture) is one of the prevalent agricultural activities done in India. As per the data published by Press Information Bureau [2012] [2013] , there are more than 1600 honey producing units in Jammu and Kashmir where honey production is near about 2000 metric tons. The physicochemical characterisation of different honeys from different parts of the world has been carried out extensively [Azeredo et al., 2003; Finola et al., 2007; Ouchemoukh et al., 2007] . Honeys produced in India from various unifl oral sources as well as from commercial honeys were already studied by various authors [Ahmed et al., 2007; Nanda et al., 2009; Saxena et al., 2010] . After successful studies of characterisation of quality parameters of Eucalyp-tus, Brassica, Helianthus, L. chinensis, Z. mauritiana, C. sinensis and P. persica [Nanda et al., 2003 [Nanda et al., , 2006 [Nanda et al., , 2009 ], the present study was undertaken, not only to study the physico-chemical parameters, mineral content, enzymatic analysis and colour characteristics from three different varieties from Kashmir valley of India viz. acacia honey, pine honeydew and multifl oral honey but also to perform pattern recognition methods by using PCA and LDA to classify honey varieties which has never been performed till now.
MATERIALS AND METHODS

Honey sample
The present study was carried out using 30 samples (10 samples from each variety) of three different raw and fresh honey samples (acacia honey, pine honeydew and multifl oral honey) collected from bee keepers during September 2012 to May 2014 from different regions (Pulwama, Srinagar, and Budgam) packed and sealed in glass bottles of Kashmir valley of India and stored at 4 o C. The honey samples were kept at ambient temperature 25±1 o C overnight before the analyses were performed. The origins of each honey sample were confirmed by microscopic pollen analysis (Melissopalynology). Honey samples were classified according to their botanical origin using the method described by Louveaux et al. [1978] . The following terms were used for frequency classes: predominant pollen (>45% of pollen grains counted), secondary pollen (16-45%), important minor pollen (3-15%) and minor pollen (<3%).
Physico-chemical analysis
The samples of honey were analysed according to the methods established by AOAC [2012] and International Honey Commission [2009] for moisture content, ash content, electrical conductivity, diastase and invertase activity, reducing sugars, proline content, titrable acidity, pH, total solids and total soluble solids, hydroxymethylfurfural content and water activity. The colour characteristics of the honeys were assessed according to the CIE L * a * b * method described by Saxena et al. [2010] . Colour (mmpfund) was determined by the method described by White [1984] while colour intensity (ABS 450 ) was done by the method adopted by Beretta et al. [2005] . Mineral elements Cu, Mn, Fe, Zn, Pb and Cd were determined by using air acetylene fl ame atomic absorption spectrometer (AAS4141). The response from the equipment was periodically checked with known standards. Hollow cathode pump and air-acetylene fl ame were used for all the samples from three varieties. Calibration curves were constructed for each element by using appropriated standard solutions.
Statistical analysis
The results were expressed in triplicates, mean, standard deviation and correlation was obtained by using Microsoft Excel 2007. The signifi cant differences were obtained by a one--way analysis of variance (ANOVA) followed by Duncan's multiple range test (DMRT) (p<0.05).
Principal component analysis and linear discriminate analysis were performed to classify honey samples from different botanical sources by using XLSTAT.
RESULTS AND DISCUSSION
The pollen spectra of honey samples studied have been briefl y described and the percentages are related to pollen of nectar producing plants. Acacia honey contained 54-60% pollen of R. pseudoacacia sp. The honeydew element/pollen grain (HDE/P) ratio was in a range of 2.79-3.01 in pine honeydew (Pinus wallichiana), which was in good agreement with Louveaux et al. [1978] . The microscopic analysis revealed some fungal spores in pine honeydew which is in good agreement with those found in Greek pine honeys [Karabagias et al., 2014] . Multifl oral honey contained 2-5% pollens of Plectranthus rugosus, other pollens found were those from Prunus sp., Brassica sp., Thyme sp. and Ailanthus sp. The mean (±S.D) results obtained from the physico-chemical, enzymatic and colour characteristics of honey samples are presented in Table 1 while mineral content is shown in Table 2 . Moisture content was reported as an important parameter and honey with lower moisture content showed longer shelf life [Fredes & Montenegro, 2006] . In this study all the samples from three varieties showed the level of moisture content (18.2 to 19.11) which was lower than the limit prescribed by The pH values of all the honey varieties ranged from 3.52 to 3.78 which confi rmed that all the honey varieties were acidic in nature. The pH values were consistent with the results reported by various authors [Azeredo et al., 2003; Ouchemoukh et al., 2007; Saxena et al., 2010; Kamboj et al., 2013] . Results indicated maximum acidity in the form of formic acid in pine honeydew variety (0.39%) followed by acacia honey and multifl oral fl oral varieties in decreasing order with 0.17% and 0.14%, respectively. The titrable acidity and pH of all the samples analysed was found within the corresponding limits as described by Codex Almentarious Commission [2001] . A high strong positive correlation was found between pH and titrable acidity (r=0.99).The percentage ash content is an indicator of the mineral content present in a given sample. The maximum ash content was found in pine honeydew (0.39%) followed by acacia honey (0.06%) whereas ash content on multifl oral fl oral honey was at 0.05%. Similar results were reported by Kamboj et al. [2013] (0.140-0.211%) and Nanda et al. [2009] (0.13 to 0.35%). As per previous studies, electrical conductivity (EC) was used to distinguish honeydew honeys from blossom honey [Mateo & Bosch-Reig, 1998 ]. The electrical conductivity of all analysed honey samples ranged from 0.25 to 0.79 mS/cm. As per Codex Alimentarius [2001] electrical conductivity value for the nectar honey must be less than 0.80 mS/cm while according to the EU, minimum electrical conductivity for pine honey should be near 0.80 mS/cm. The results of electrical conductivity were consistent with reported results of Escuredo et al. [2012] in blossom and honeydew honeys. Positive and strong correlation (r=0.90) between ash content and electrical conductivity (Table 3) indicated that higher ash content resulted in higher electrical conductivity.
Tosi et al. [2002] reported that hydroxymethylfurfural (HMF) as a quality parameter to check the honey freshness and high temperature processing. All the three honey varieties showed an HMF level lower than the limit (40 mg/kg), recommended by the Codex Alimentarius [Codex Alimentarius, 2001] and statistical analysis revealed a signifi cant difference (p<0.05) among the varieties. The maximum content of HMF was found in multifl oral source (22.64 mg/kg) followed by pine honeydew (6.79 mg/kg) and minimum in acacia honey (5.49 mg/kg) as shown in Table 1 . These results suggested that all the samples from three varieties of honey were raw and unprocessed. The HMF values of the analysed samples were consistent with the values reported by Yilmaz & Kufrevioglu [2000] and Duman et al. [2008] . The water activity is an important factor for stability of food by preventing microbial growth. The water activity of the honey samples was in the range of 0.507 to 0.566 and these values were statistically different from each other (p<0.05) ( Table 1) . Our results were quite similar to those of Greek honeys and Indian honeys [Lazaridou et al., 2004; Saxena et al., 2010] .
The acceptability of honey by the consumer and its market price mainly depends on colour of honey. According to the classifi cation of honey based on Pfund mm values set by USDA [1985] colour of honey ranges from water white (<8 mm) to dark amber (>114 mm). Based on this classifi cation, the pine honeydew variety (143.04 mm) was classifi ed as dark amber while multifl oral honey (39.16 [Ouchemoukh et al., 2007; Saxena et al., 2010] . The total reducing sugars value in the analysed samples ranged from 60.6 to 72.81% (Table 1) , which is in agreement with the standards proposed by EU Directive 2001/110, which should be more than 60% for blossom honeys and at least 45% for honeydew honey. Similar results were reported by Khalil et al. [2012] for Algerian blossom honeys.
Mineral analysis
The minerals found in the analysed honey samples are expressed in Table 2 . Statistically signifi cant differences (p<0.05) were observed among all analysed samples. Copper (Cu) content was found highest in multifl oral honey (0.38 mg/kg) and lowest in both acacia honey and pine hon- Strong and positive correlations were found between all minerals and colour (pfund) while strong negative correlations with L * value, which indicated that honey with dark colour contained high amount of ions (Table 3 ). All minerals also showed strong positive correlation with electrical conductivity and ash, which demonstrated that higher mineral content, resulted in higher ash content and electrical conductivity. A positive correlation was also found among all minerals, electrical conductivity and pH (Table 3) , which showed that both pH and conductivity were dependent on the amount of ions in honey. Similar correlations were observed by Acquarone et al. [2006] between total mineral content and electrical conductivity.
Multivariate analysis
In our study, the PCA was applied to achieve a reduction of original data matrix while retaining the maximum amount of variability present in data. The factor loading obtained for the fi rst three components (PCs) and the percentage of variance along with cumulative variance is shown in Table 4 . The fi rst three principal components accounted for 86.92% of the variance in the honey samples analysed. The fi rst, second and third principal components (PC1, PC2, and PC3) explained 65.72%, 16.26% and 4.93% of the variance, respectively (Table 4 ). According to loading matrix (Table 5) , it was observed that 65.72% variability explained by PC1 was positively correlated with variables viz. colour intensity, colour (mmpfund), iron, zinc, proline, electrical conductivity and negatively with colour L * , a * and b * values (Figure 1 ) which could be specifi ed as indicators of colour and minerals. Thus such variables could be used to distinguish pine honeydew from acacia honey. Figure 1 , a natural separation between honeys of different botanical origin was obtained. All the three analysed honey samples from different botanical origins were correctly classifi ed (100%) by using LDA (Table 6 ).
CONCLUSION
The analysed three honey varieties from Kashmir valley of India revealed that fl oral origin signifi cantly affects all the physico-chemical parameters, enzymatic properties, mineral content and colour characteristics except total solids. The concentration of minerals found in all three honey varieties was low as compared to other varieties of honey of Indian origin. Application of multivariate techniques confi rmed the validity of physico-chemical analysis as a tool for classification and characterization of honey obtained from different botanical sources. PCA revealed 86.92% of the variance with the fi rst three principal components with minerals, colour and electrical conductivity dominating variables. LDA proved to be an effective tool which classifi ed the all honey samples 100% correctly. 
